Capitalizing on recent estimates of infrastructure financing requirements in Asia, this paper frames a scenario for infrastructure development in the region and estimates the external effects of infrastructure investment. It also assesses quantitatively the economy-wide welfare effects of developing regional infrastructure in Asia, using a global computable general equilibrium model. The results show that developing Asian economies would gain significantly from the expansion of regional infrastructure in transport and communication.
INTRODUCTION
Rapid trade expansion has been a key driver of the economic success of east and southeast Asian countries over recent decades. Substantial reform has liberalized trade and foreign direct investment regimes, and rapid technological progress has lowered transportation and communications costs. In addition, the development of infrastructure in Asian countries has made an important contribution to their integration into the world economy. The level of infrastructure development in most developing Asian countries is still relatively low, however. The significant dependence on foreign trade and bright long-term growth prospects of these countries suggest the potential for substantial gains from investment in regional infrastructure in Asia. Moreover, the development of regional infrastructure which strengthens the links between Asian economies and their links with the rest of the world is likely to stimulate wider economic participation of the poorest economies in the region. This paper explores quantifying the welfare effects of developing regional infrastructure in Asia. It aims to answer the following questions: What are the external effects of the development of regional infrastructure in Asia? How much benefit to the region's economy can be expected from the development of regional infrastructure? A global computable general equilibrium (CGE) model is used to simulate the scenario of infrastructure expansion in developing Asian economies. The major conclusion of the simulations is that developing Asian economies would gain significantly from the expansion of regional infrastructure in transport and communication. With annual investment of around US$800 billion in transport, communication, and energy infrastructure during 2010-2020, developing Asia is likely to reap welfare gains of US$1,616.3 billion (in 2008 prices) in 2020, or 10% of its projected aggregate gross domestic product (GDP) that year. These benefits are expected to be particularly strong in two types of economies in the region: those with a high level of dependence on external trade, and those where conditions require expeditious investment to upgrade their infrastructure. Consistent with some previous studies (e.g., Roland-Holst 2009), our quantitative analysis suggests that investment in regional infrastructure holds great promise for Asia's long-term development. By facilitating greater market participation of the poorest economies in the region, regional infrastructure could act as an effective catalyst to spur greater regional integration and economic convergence.
A SCENARIO FOR INFRASTRUCTURE DEVELOPMENT IN ASIA
Based on the prospects for economic development in Asia, the Asian Development Bank Institute (2009) estimated the demand for financing infrastructure investment during 2010-2020 in 29 Asian developing countries. If this demand is met, the aggregate infrastructure stock of these countries would increase by 93.3% in 2020 (Table 1 ). The power sector would record the fastest growth, with an expansion of 147.6% in the value of infrastructure stock during the period. Transport and telecommunication infrastructure in developing Asia would increase more modestly, by 67.1% and 37.1%, respectively. Geographically, the growth of infrastructure stock would be rapid in the People's Republic of China (PRC) and Indonesia, and in India and other south Asian countries, but relatively slow in central Asia, Philippines, and Sri Lanka. Southeast Asian countries would register a relatively large expansion in transport infrastructure during 2011-2020, while south Asia would invest more in telecommunication and energy. In the PRC, power infrastructure would grow much faster than other types of infrastructure during 2011-2020. 
ESTIMATING THE EXTERNAL EFFECTS OF INFRASTRUCTURE DEVELOPMENT
In contrast with much private investment, investment in infrastructure can generate positive externalities throughout an economy, leading to social returns that exceed private returns. For regional infrastructure in transport and communication, one of their most important external effects is to increase market access by lowering trade costs. Broadly defined, trade costs include policy barriers (tariffs and nontariff barriers), transportation costs, local distribution costs, information costs, contract enforcement costs, and other costs associated with border-related barriers, such as language and currency conversion. The tariff equivalent of trade costs can range from 30% to 105%, depending on the sector, according to estimates for imports by the United States (World Bank 2005) . Based on 1990 bilateral trade data for 19 member countries of the Organisation for Economic Co-operation and Development, Eaton and Kortum (2002) found that the tariff equivalent of trade costs ranged from 58% to 78%. Trade costs in developing countries are typically much higher due to weaker infrastructure and institutions.
Assessing the importance of infrastructure in facilitating trade, Nordas and Piermartini (2004) defined four dimensions of the relationship between infrastructure and trade costs. The first dimension of infrastructure's effect on trade costs is measured by direct monetary outlays for trade. These are determined not only by the distance (both physical and cultural) between trading partners, but also by the quality of infrastructure and the cost and quality of related services. Second, delivery time-whether on time or not-is likely to be influenced by the quality of infrastructure. Third, poor quality infrastructure increases the uncertainty of delivery, which is associated with a higher risk of damage, and therefore with higher losses and insurance costs. The fourth dimension of trade costs is high opportunity cost due to lack of access to good transport and telecommunications services. The quality of infrastructure thus largely determines the time required to get product to market and the reliability of delivery.
Francois, Manchin, and Pelkmans-Balaoing (2009) estimated the elasticity of trade costs with respect to the quality of infrastructure for several Asian economies ( As can be seen, the elasticities for communication infrastructure are positively correlated with income level, while those for transport infrastructure are negatively correlated with income level. In other words, transport infrastructure has a larger impact on trade costs in low-income countries than in high-income countries. On the hand, communication infrastructure has a larger impact on trade costs in high-income countries than in low-income countries. Using the estimated historical elasticities reported in Table 2 , the linear regression equations between elasticity of trade costs with respect to the quality of infrastructure and the logarithm of per capita GDP were estimated for Bangladesh, Cambodia, PRC, India, Indonesia, Lao People's Democratic Republic, Malaysia, Pakistan, Philippines, Thailand, and Viet Nam. The values of these elasticities were then forecast for 2010-2020 based on United Nations population projections and assumed baseline GDP growth rates for these economies. To apply these forecasted elasticities to the scenario for infrastructure growth presented in Table 1 , the per capita stock of transport infrastructure and per capita stock of communication infrastructure were used as proxies of infrastructure quality. This allowed estimation of trade cost reductions resulting from infrastructure expansion for each year during 2010-2020. The results, expressed as the accumulated reduction, in 2020, of trade costs during 2010-2020, are presented in Table 3 .
For energy infrastructure, the principal externality is improvements in the efficiency of energy production and use. In an assessment of cross-border energy infrastructure-the oil pipeline between Kazakhstan and the PRC, Roland-Holst (2008) suggested that it may bring down the costs of the PRC's oil imports from Kazakhstan by 40%. Looking at the Greater Mekong Subregion (GMS), Integriertes Ressourcen Management (2008) found that an energyintegrated GMS could save overall GMS energy costs by 19%. Based on these empirical findings, it is projected that the overall efficiency of energy supply in developing Asia (excluding newly industrialized economies) would improve by 20% in 2020 as a result of investment in regional energy infrastructure. 
GAUGING THE ECONOMY-WIDE GAINS OF REGIONAL INFRASTRUCTURE
A global CGE model is utilized to investigate the economy-wide effects in Asia and the rest of the world of the development of regional infrastructure in Asia. The CGE model used is a recursive dynamic version of the global model developed by Zhai (2008) . The PRC and India would be the biggest beneficiaries of investment in regional infrastructure, with aggregate real income gains of about US$830 billion in 2020 under the scenario of expansion of regional infrastructure in transport, communication, and energy. In relative terms (i.e., gains as a share of baseline GDP), Southeast Asian countries such as Malaysia, Thailand, and Viet Nam would be the major winners, mainly due to their high level of trade dependence and large infrastructure investment. Their real income gains in 2020 would be about 30% of their baseline GDP that year under the scenario of investment in all three infrastructure sectors. Real income gains in 2020 from regional transport infrastructure investment would be relatively small for south Asian and central Asian economies, ranging from about 4% to 7% of their baseline GDP levels. However, due to the relative low level of existing telecommunication infrastructure, demand for communication infrastructure investment in these countries is enormous. These investments thus tend to generate large welfare gains. When the benefits of investment in regional communication infrastructure are added to those of regional transport infrastructure, the real income gains in 2020 for Bangladesh, India, Sri Lanka, and central Asia would more than double to 12% to 16% of their baseline GDP levels. The benefits of energy infrastructure are relatively evenly distributed across countries, mainly reflecting our assumption of a uniform gain of 20% in energy efficiency across countries.
Although it is assumed that there is no infrastructure expansion in Japan and NIEs, those countries would benefit from investment in regional infrastructure in the developing economies of Asia. This spillover effect is especially strong in NIEs, which would gain US$89.3 billion (2.9% of their aggregate GDP) in 2020 relative to the baseline scenario. Non-Asian economies would also gain slightly from the development of regional infrastructure in Asia. These results highlight the nondiscriminatory nature of regional infrastructure, which could not only serve as an important tool to stimulate regional integration in Asia, but also facilitate the global participation of the region's economies. [2016] [2017] [2018] [2019] [2020] , at around US$1,113.0 billion, would be much larger than in the first half (2011) (2012) (2013) (2014) (2015) , at about US$284.4 billion. The higher growth rate after 2016 can be explained by the effects of cumulative infrastructure investments made during 2011-2015. This trend is visible in every country in the analysis. It is worth noting that there are also large benefits after 2020, when no new or replacement investments take place. However, these benefits decline over time with the depreciation of infrastructure stock.
Source: Author's computable general equilibrium model simulations.
To get a sense about the overall gains generated by investment in regional infrastructure, the present value (in year 2008) of annual real income gains accumulated over 2011-2020 and beyond are calculated for selected countries and regions, assuming an annual discount rate of 5% (Table 5 ). The present value of such income gains for developing Asia as a whole from the expansion of regional transport infrastructure would be US$7,840 billion; US$11,240 billion from the investments in both transport and communications; and US$12,980 billion from the investments in transport, communications, and energy. The PRC and India would gain US$3,549 billion and US$3,142 billion in income, respectively. Finally, the impact of investment in regional infrastructure in Asia on the region's trade pattern is examined (Table 6 ). The simulation shows that the significant expansion of regional infrastructure in developing Asia would boost both global and regional trade. Global exports would expand by 21.1%, while developing Asia's exports and imports would both jump by more than 70%. The countries with low levels of foreign trade and low-quality infrastructure, such as Bangladesh and India, would experience the largest increases in trade. It is not surprising that the expansion of intra-Asia trade would be larger than extraAsia trade, in that the development of regional infrastructure in Asia is simulated. As a result, the share of intra-regional trade in Asia in 2020 would rise by 6.6 percentage points from 47.5% in the baseline to 54.7% in the scenario of development of transport, communication, and energy infrastructure. 
